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Two-dimensional echocardiography has proved to be reo
liable in the diagnosis of mitral, aortic and pulmonary
stenosis. Its role in the diagnosis of rheumatic tricuspid
stenosis is still being defined; therefore, the tricuspid
valve echograms of 147 patients with rheumatic heart
disease were examined, Thirty-eight of these patients
also underwent hemodynamic evaluation. Tricuspid ste-
nosis was defined echocardiographlcally as diastolic an-
terior leaflet doming, thickening and restricted excursion
of the other two tricuspid leaflets and decreased sepa-
ration of the leaflet tips. Using these criteria, the sen-
sitivity and specificityof the echocardiogram In detecting
tricuspid stenosis were 69 and 96%, respectively, in the
group of 38 patients who had both echocardiographic
and hemodynamicevaluations.However,whenthe smaller
group of 17 patients who had simultaneous right atrial
Rheumatic tricuspid valve stenosis is a chronic disorder
characterized by scarring and fibrosis of the tricuspid valve
leaflets, fusion of the leaflet commissures and associated
fibrosis and thickening of the chordae tendineae (1-4). These
combine to limit leaflet mobility and reduce the size of the
tricuspid orifice, thereby obstructing right ventricular filling.
Tricuspid stenosis has been reported to occur in 3 to 22%
of patients with rheumatic mitral valve disease, and it vir-
tually never occurs in the absence of mitral stenosis (4-10).
When mitral disease is accompanied by tricuspid stenosis,
the mitral lesion is typically more severe and predominates
clinically (4,8,9, II). Detection of concomitant tricuspid ste-
nosis is important, however, because a tricuspid lesion may
lead to chronic elevation of right atrial pressure and low
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and right ventricular pressure recordings were consid-
ered separately, there was complete agreement between
the echocardiographic and hemodynamic data.
Thus, the two-dimensional echocardiogram is a sen-
sitive and specifictest for diagnosing rheumatic tricuspid
stenosis. In addition, these data provided an opportunity
to determine the prevalence of tricuspid stenosis in this
group of patients with chronic rheumatic valvular dis-
ease. Tricuspid stenosis was present in 14 (9.5%) of the
total group of 147 patients who had two-dimensional
echocardiograms, and in 10 (26.3%) of the 38 who had
both echocardiographic and hemodynamic studies. In
patients with rheumatic heart disease about to undergo
cardiac catheterization, an echocardiographicstudyshould
prove useful in making the diagnosisof tricuspid stenosis.
cardiac output despite successful surgical relief of the left-
sided valvular disease (2,8).
Currently, the diagnosis of tricuspid stenosis is difficult.
It is easily overlooked clinically because the characteristic
physical signs are frequently masked by the concurrent mi-
tral stenosis (5-7,9, 10,12.13). The hemodynamic diagnosis
of tricuspid stenosis often depends on the accurate mea-
surement of a small pressure gradient, is complicated by
the common association of tricuspid regurgitation and atrial
arrhythmias and requires precise simultaneous pressure re-
cordings from the right atrium and right ventricle ( 14-16),
Simultaneous right-sided recordings are not routine in many
hemodynamic laboratories because they may extend the overall
length of the catheterization and necessitate the insertion of
an additional catheter; thus. they are often omitted unless
tricuspid stenosis is suspected before the study,
Since 1955, M-mode echocardiography has been used
extensively to noninvasively diagnose valvular heart disease
( 17). Although this technique has proven reliable in de-
tecting mitral stenosis. its ability to diagnose rheumatic tri-
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cuspid stenosis remains in doubt (18 ,19). Two-dimensional
echocardiography has been demonstrated to be a sensitive
method for detecting stenotic lesions of the mitral, aortic
and pulmonary valves (20-22), and has been shown to be
capable of directly visualizing the mitral valve orifice and
quantifying the stenotic valve area (20 ,23-25). In addition,
it has been used to document tricuspid valve involvement
in Loeffler's endocarditis and carcinoid heart disease (26,27).
Two recent studies ( 19,28) have suggested that it is a sen-
sitive and specific test for detecting rheumatic tricuspid ste-
nosis. Its predictive value in detecting tricuspid stenosis,
however, varied enormously in these studies (100 versus
21%) raising questions as to the true accuracy of the method
and the appropriate two-dimensional echocardiographic cri-
teria for diagnosing tricuspid stenosis.
The purpose of our study was to examine the role of the
two-dimensional echocardiographic technique in the diag-
nosis of rheumatic tricuspid stenosis in a larger patient group
than previously studied, to define in more detail the con-
figuration and motion of the tricuspid valve associated with
hemodynamically significant tricuspid stenosis and to com-
pare the sensitivity and specifi city of the echocardiographic
diagnosis with the two common hemodynamic methods for
detecting right ventricular inflow gradients.
Methods
Patients
Patient selection. To identify a group of patients with
rheumatic valvular disease, the echocardiographic records
of the 2.660 patients examined at the Massachusetts General
Hospital between July I , 1980 and August I , 1981 were
reviewed. Patients were considered to have chronic rheu-
matic valvular disease if they had a history of rheumatic
carditis and echocardiographic evidence of any valvular
scarring, or if they displayed a pattern of rheumatic mitral
stenosis with or without other valvular abnormalities. There
were 147 patients who met these criteria. Of these patients,
38 had undergone full cardiac catheterization within I year
of the echocardiographic examination. These 38 patients
formed the defined study group for this report.
Study patients. Some pertinent characteristics of the
study patients are given in Table I. Their ages ranged from
33 to 76 years (mean 60.4 ) and 29 (76%) were women. All
had mitral stenosis; 25 (66%) also had mitral regurgitation.
There were II (29%) with aortic stenosis and 12 (32%) with
aortic insufficiency. No patient had hemodynamic evidence
of pulmonary stenosis. Thirty patients (79%) had pulmonary
hypertension, defined as a mean pulmonary artery pressure
of greater than 20 mm Hg (29) . In 28 of the patients (74%) ,
the pulmonary vascular resistance was increased (> 120
dynes-s-cm - 5) (29) .
Normal group. Because the two-dimensional echocar-
diographic descriptions of normal tricuspid valve configu-
ration and motion have not been clearly established, 20
normal patients were also examined echocardiographically
to define these patterns. The group of normal subjects con-
sisted of healthy volunteers with no history or physical find-
ings suggestive of cardiac disease. In this reference group,
the meanage was 30 years (range 26 to 50) and seven (35%)
were women. These patients did not undergo cardiac
catheterization.
Study Protocol
Hemodynamic data. The 38 study patients underwent
both right and left heart catheterization. Pressures were mea-
sured using fluid-filled catheters and Hewlett-Packard 1290
C transducers, and were recorded on a Hewlett-Packard
strip-chart recorder. Mitral and aortic valve areas were cal-
culated using the Gorlin formula (30) . In 17 patients, si-
multaneous right atrial and right ventricular pressures were
recorded. and a hemodynamic diagnosis of tricuspidstenosis
was made if there was any difference between diastolic right
atrial and right ventricular pressures as determined by plan-
imetry of the pressure curves. There were 21 patients in
whom the presence of a gradient between mean right atrial
and right ventricular diastolic pressures was assessed by
catheter pullback. Tricuspid regurgitation was identified in
all patients by the presence of systolic waves in the right
atrial pressure tracing (31.32) .
Echocardiographic studies. Echocardiographic exam-
inations were performed using either a Smith-Kline Instru-
ments Ekosector 10 or an Advanced Technology Labora-
tories Mark III mechanical scanner. Complete two-
dimensional echocardiographic examinations were per-
formed on all patients. The specific tomographic planes used
to examine the tricuspid valve were: I) the parasternal long-
axis view of the right ventricular inflow tract; 2) the apical
four chamber view, optimized to record the left ventricular
apex and maximal excursion of the mitral and tricuspid valve
leaflets; and 3) the subcostal long-axis view. optimized to
record the right ventricular long-axis and maximal tricuspid
leaflet excursion (33). Echocardiograms were recorded on
magnetic tape and reviewed on an Easy View II off-line
system (Microsonics, lnc.) in real-time and in a frame by
frame mode.
Definition of tricusp id stenosis . This was considered to
be present echocardiographically if the following three cri-
teria were met: I) the anterior tricuspid valve leaflet domed
in diastole; that is, there was apparent restriction of leaflet
tip motion with greater mobility of the body or belly of the
leaflet; 2) there was thickening and reduced excursion of
the posterior or septal leaflet, or both, and 3) there was a
reduction in tricuspid orificediameter relative to the tricus-
pid anular diameter recorded in the same scan plane. Thick-
ening and reduced motion of the posterior or septal tricuspid
leaflets, or both, with normal anterior leaflet motion was
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Table 1. Summary of Cases
Cardiac Tricuspid Mean PA
Age (yr) & Output Gradient Pressure PA Resistance
Patient Sex Diagnosis Rhythm (liters/min) (mm Hg) (mm Hg) (dynes-s-cm- 5)
Group A: Echocardiographic Tricuspid Stenosis (simultaneous pressure recordings)
36F MVR. AVR. TS AF 4.1 4 14 195
TR
2 4IF MS. AS. TS AF 2.4 4 37 389
3 76F MS. AS. AI. AF 4.2 7 30
TS. TR
4 66M MS. AVR. ITS. AF 3.7 4 35 216
TR
5 54F MS. MR. AI. AF 2.6 32 523
TS. TR
6 70M MS. MR. 'ITS. AF 2.4 2 40 400
TR
7 47M MS. MR. AI. AF 3.2 2 22 225
TR
8 58F MS. MR. AI. AF 2.2 4 42 509
TR
Group B: Echocardiographic Tricuspid Stenosis (pullback pressure recordings)
9 70M MS. MR. TS AF 3.2 5 55 250
10 65F MS. MR AF 3.3 42 509
Group C: No Echocardiographic Tricuspid Stenosis (simultaneous pressure recordings)
II 62F MS. MR. TR AF 5.5 47 360
12 65F MS. MR NSR 3.6 16 133
13 56F MS. AS AF 2.9 30 276
14 72F MS. MR. AI AF 2.7 28 296
15 74F MS. MR. TR AF 2.4 46 900
16 69F MS. MR. AS. AF 3.6 2ll 133
AI
17 62F MS. MR AF 3.9 30 84
18 40F MS. TR AF 4.0 34 80
19 65F MS. MR. AS. AF 3.5 20 91
Al
Group D: No Echocardiographic Tricuspid Stenosis (pullback pressure recordings)
20 49F MS. MR. Al AF 4.0 30 312
21 70F MS. MR. AS. AF 4.3 18 97
Al
22 66M MS. MR NSR 5.3 17 105
23 62F MS AF 3.3 25 Ill8
24 72M MS. MR NSR 5.0 32 112
25 59F MS. MR AF 4.4 20 73
26 69F MS. MR AF 4.3 27 205
27 72F MS. MR. AS. AF 3.7 42 303
AI
28 68M MS. MR AF 4.6 35 174
29 33F MS NSR 6.4 26 100
30 57F MS. AS. AI NSR 5.6 II 86
31 63F MS. MR AF 2.4 59 1233
32 54F MS NSR 3.3 40 194
33 43F MS. MR NSR 3.5 55 640
34 69F MS. MR. AS AF 2.5 17 160
35 65F MS. MR. TR AF 2.8 6 60 857
36 63F MS. TR AF 6.4 6 45 250
37 6IM MS. MR. TR AF 5.2 2 36 200
38 55M MS. TR AF 4.0 1 40 440
AI" = atrial fibrillation; AI = aortic insufficiency; AS = aortic stenosis; AVR = prosthetic aortic valve; MR = mitral regurgitation; MS = mitral
stenosis; MVR = prosthetic mitral valve; NSR = normal sinus rhythm; PA = pulmonary artery: TR = tricuspid regurgitation; TS = tricuspid stenosis.
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occasionally seen, but was not considered to represent val-
vular stenosis.
Data analysis. The cardiac catheterization and echo-
cardiographic examinations were performed and analyzed
by separate teams of observers. In general, the echocardio-
graphic study preceded the hemodynamic evaluation. All
raw data from both sources were analyzed by two of the
authors to provide maximal internal consistency in
interpretation.
The operative reports of all study patients undergoing
cardiac surgery were reviewed. Where present, the sur-
geon's assessment of tricuspid valve configuration was noted.
Statistical analysis. The statistical significance of the
comparisons between the two-dimensional echocardio-
graphic and hemodynamic assessments of tricuspid stenosis
were determined using the Fisher exact test (34).
Results
Normal tricuspid valve motion. Tricuspid valve leaflet
appearance and motion were clearly visualized in all three
imaging planes in each of the 20 normal subjects. The leaf-
lets in these cases were thin and moved freely in response
to diastolic right ventricular inflow. Figure I is an example
of a normal tricuspid valve recorded in the parasternal long-
axis view. This imaging plane transects the anterior and
posterior cusps of the valve. During systole (Fig. IA), the
coapted leaflets lie in the plane of the tricuspid anulus and
leaflet motion parallels that of the anulus and chordal at-
tachments. In diastole (Fig. IB), the leaflets move apart
rapidly, and at peak diastolic opening the separation of the
leaflet tips exceeds the corresponding anular diameter. In
both the apical four chamber and subcostal long-axis (four
chamber) views, the imaging plane transects the anterior
and septal leaflets. In these projections the leaflets again
appear thin, and when fully opened the cusps lie flat against
the endocardial surface of the interventricular septum and
free lateral wall, respectively. The normal systolic and di-
astolic appearance of the tricuspid valve in the apical four
chamber view is seen in Figure 2.
Tricuspid valve configuration and motion in patients
with rheumatic valvular disease. The tricuspid valve was
visualized in at least one of the three standard tomographic
imaging planes in all 38 study patients. Successful leaflet
visualization was achieved most frequently in the apical four
chamber view (36 [95%] of 38), followed by the parasternal
long-axis (26 [68%] of38) and the subcostal long-axis views
(15 [39%] of 38), and in all three planes in 12 (32%) of
38.
In 28 of the 38 patients with evidence of rheumatic val-
vular disease, the anterior tricuspid leaflet did not dome in
diastole despite irregularities in leaflet contour and thick-
ening of the cusps of most of these valves. In some cases,
the leaflets did not open fully, but there was no apparent
restriction at the leaflet tips or doming of the anterior leaflet.
Therefore, the reduced motion of these valves was attributed
to decreased inflow rather than to tricuspid commissural
fusion. In 2 of the 28 cases, there was minimal fixation of
the posterior and septal leaflets with normal anterior leaf-
let motion. These two cases were not considered to represent
significant tricuspid stenosis despite the evidence of fusion
along a single commissure.
Restricted motion and doming. In the remaining 10 pa-
tients (26%), the leaflets appeared thickened as manifest by
a focal increase in echo production that primarily involved
the free edges of the leaflets and their proximal chordal
attachments. Additionally, all of these valves showed evi-
dence of restricted motion at the leaflet tips and diastolic
anterior leaflet doming. These patients were considered to
have echocardiographic evidence of tricuspid stenosis. Fig-
ure 3 is a parasternal long-axis recording from one patient
who had hemodynamically severe tricuspid stenosis. In the
systolic frame, the coapted leaflets are normally positioned
and have only a slight increase in reflectivity, suggesting
leaflet thickening. In diastole, however, there is no move-
ment of the posterior tricuspid leaflet, which is thickened
and deformed, as are its proximal chordal attachments. The
body of the anterior leaflet moves more freely. However,
motion of both leaflet tips is obviously reduced producing
prominent diastolic doming.
Figure 1. Two-dimensional echocardio-
gram in the parastemal right ventricular
(RY) inflow plane from a patient with a
normal tricuspidvalve. In systole(A), the
tricuspidleaflets coapt in the planeof the
tricuspid anulus. The diastolic frame (B)
shows the anterior (a) and posterior (p)
tricuspid leaflets that are widely open and
offer no obstruction to right ventricular
filling. RA = right atrium.
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Figure2. Apical four chamber section of
the heart of a patient with a normal tri-
cuspid valve. In systole (A), the valve
leaflets close in the plane of the tricuspid
anulus, which is apically displaced from
themitral anulus. In diastole (B), the an-
terior and septal leaflets (arrows) parallel
the right ventricular inflow tract. TV
tricuspid valve.
Figure 4 is another example of a patient with hemody-
namic evidence of tricuspid stenosis and insufficiency. In
diastole, there is valve doming and restriction of leaflet
motion. In systole, the leaflets appear contracted and fail to
coapt. The massive right atrial dilation is consistent with a
mixed valvular lesion. The characteristic tricuspid leaflet
diastolic doming and inflowobstruction can also be seen in
both the apical four chamber (Fig. 5) and the subcostal long-
axis views (Fig. 6). In each of these examples, the leaflets
appear slightly thickened. However, the most prominentand
consistent features are the lack of complete leaflet opening
and the diastolic leaflet doming that results in narrowing of
the tricuspid orifice.
Comparison of echocardiographic and hemodynamic
data. In 13 of the 38 patients, a diastolic pressure gradient
consistent with tricuspid stenosis was found during the
hemodynamic study. Nine of these 13 patients had echo-
cardiographic evidence of tricuspid stenosis (Table 2A).
Thus, for the entire group, the sensitivity of the two-di-
mensional echocardiogram in diagnosing this lesion was
69%. In contrast, 25 patients had no gradient at catheter-
ization, and 24 of these had no echocardiographic evidence
of tricuspid stenosis. The specificity of the echocardiogram
in the study group as a whole was 96%.
Simultaneous right atrial and ventricular pressures.
When patients with simultaneouslymeasuredright atrial and
right ventricular pressures were consideredseparately, how-
ever, there was precise correlation between the echocardio-
graphic and catheterization data (Table 2B). In this group
of 17 patients, 8 had both hemodynamic and echocardio-
graphic evidence of tricuspid stenosis. Six of these eight
patients underwent cardiac surgery, and in each case the
tricuspid valve was noted to be abnormal in the surgeon's
operative report. In nine of the patients with simultaneous
pressure recordings, neither the echocardiogram nor the
hemodynamic data suggested the presence of tricuspid ste-
Figure 3. Case 2. Parasternal right ven-
tricular inflow view from a patient with
tricuspid stenosis. The tricuspid valve (TV)
appears normal insystole. Indiastole, the
posterior tricuspid leaflet (PL) is thick-
ened and nearly immobile while the an-
terior leaflet (AL) isdomed. Thediastolic
leaflet tipseparation severely narrows the
right ventricular (RV) inflow tract. RA =
right atrium.
SYSTOLE DIASTOLE
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Figure 4. Case 3. Parasternal right ven-
tricular inflow plane from a patient with
severe, mixed tricuspid disease. The right
atrium (RA) is markedly enlarged. In sys-
tole, the tricuspid valve (TV) leaflet tips
do not meet, suggesting the presence of
tricuspid regurgitation. In diastole, the
posterior leaflet is immobile and the an-
terior cusp moves only slightly, while the
body of the leaflet domes. EV = eusta-
chian valve; other abbreviations as before.
SYSTOLE DIASTOLE
nosis. Isolated, mild tricuspid regurgitation in one case was
the only right-sided lesion mentioned in the operative notes
of the seven of these nine patients who subsequently had
valve surgery.
Pullback right ventricular to right atrial pressures. In
21 patients, hemodynamic evaluation of the tricuspid valve
was made by analysis of pullback pressure tracings. In this
' -~-
group, there were four apparent echocardiographic false
negative studiesandone falsepositivestudy. Theonepatient
with a false positive echocardiogram had minimal tricuspid
valve deformity, but met the three criteria for diagnosing
tricuspid stenosis echocardiographically. The four patients
with apparentpullbacktricuspidgradients but withoutecho-
cardiographic stenosis each underwent subsequent mitral
Figure 5. Case 3. Apical four chamber
echocardiographic view from a patient with
tricuspid stenosis. The tricuspid valve (TV)
leaflets are brightly echo-reflecting. They
separate only slightly in diastole and the
bodies of the leaflets dome. There is
marked right atrial (RA) enlargement.
LA = left atrium; LV = left ventricle;
other abbreviations as before.
SYSTOLE DIASTOLE
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Figure 6. Case 9. Subcostal long-axis
view from a patient with tricuspid ste-
nosis. Tricuspid valve (TV) leaflets are
thickened.These leafletsdo not open full y
indiastoleand they obstruct the rightven-
tricular inflow tract. The right atrium (RA)
isenlarged. LVOT = leftventricularout-
flow tract; other abbreviations as before.
SYSTOLE DIASTOLE
B. Patients With Simultaneously Recorded Right-Sided Pressures
Table 2. Accuracy of Echocardiographic Diagnosis
p = probability; + = present ; - = absent.
Echocardiographic + 9 1 10
tricuspid stenosis 4 24 2g
Total 13 25 3X
P = 3.8 x 10- ~ (Fisher exact )
Sen sitivity = 69%. specificity = 96%. pred ict ive value = 87'7c
Discussion
Echocardiographic diagnosis of rheumatic tricuspid
stenosis. During the past 30 years, echocardiography has
developed into an immensely useful noninvasive method for
visualizing the configuration and motion of the cardiac valves
and for detecting multiple valvular disorders. Until recently,
however, its ability to diagnose stenotic lesions of the tri-
cuspid valve, in particular rheumatic tricuspid stenosis, has
remained in doubt. Although previous studies (19,28 ) in-
dicated that two-dimensional echocardiography is both a
sensitive and specifi c tool for diagnosing hemodynamically
significant tricuspid stenosis, questions remain as to the
appropriate echocardiographic criteria for this diagnosis and
the true predictive accuracy of the echocardiogram in es-
tablishing its presence.
Echocardiographic diagnostic problems. To detect the
presence of any cardiac disorder echocardiographically, it
is necessary that the area of interest be visualized with
enough clarity and in enough detail to allow comparison
with normal structure and function, and that the diagnostic
criteria for the particular abnormality be clearly defined.
The tricuspid valve has posed unique problems in both these
areas because of a number of factors: I) its normal position
beneath the sternum and the plane of valve motion relative
to the anterior chest wall frequently complicate its recording
from a parasternal approach and make visualization of the
valve orifice extremely difficult; 2) its trileafletconfiguration
and the large expanse it encompasses preclude complete
evaluation in any single imaging plane; and 3) normal leaflet
X
9
17
Tota l
o
9
9
Absent
( - )
g
o
8
Present
( +)
100%. predictive value = 100%
Hemod ynamic Tr icuspid Gradient
A. All Patients
Echoca rd iographic +
tricuspid stenosis
Tot al
p = 4 .1 x 10 ~ (Fisher exact)
Sensitivity = 100%. specific ity =
valve replacement. At surgery, no specific comment was
made about the tricuspid valve of two of these patients, but
in the other two patients the tricuspid valve was described
as free of rheumatic scarring.
These echocardiographic data offer an opportunity to
reassess the prevalence of tricuspid stenosis in a large group
of patients with rheumatic valve disease. Ten of the 38 study
patients had echocardiographic evidence of tricuspid ste-
nosis (a prevalence of 26.3%). However, if one considers
all 147 patients with rheumatic heart disease who had echo-
cardiographic studies, an additional 4 patients, or a total of
14 (9.5%) of the 147 had tricuspid stenosis.
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configuration may vary from three distinct leaflets with well
definedcommissuresto an almostcontinuous tissueveil with
little. if any. separation between individual cusps, which
makes it impossible in some cases to separate an unscarred,
low flow valve from a stenotic one using criteria such as
commissural fusion.
In earlier M-mode studies, the position of the tricuspid
valve made it extremely difficult to record, and extension
of the M-rnode criteria for diagnosing mitral stenosis (that
isdecreased EF slope, reducedopeningexcursion, abnormal
leaflet thickening and anterior motion of the posterior leaf-
let) to the tricuspid valve proved unreliable. As a result, the
M-mode method could, at best, suggest the presence of
tricuspid stenosis in some patients but was not generally
considered diagnostic (I8). The improvedspatial resolution
and enlarged field of visionprovidedby the two-dimensional
method, however, has markedly enhanced our ability to
visualize the tricuspid valve. In all normal patients from
this study, for example, the tricuspid valve could be re-
corded in at least three separate views (the parasternal right
ventricular inflow. the apical four chamber and subcostal
long-axis).This combinationof imagingplanespermitseach
of the three tricuspid leaflets to be independently recorded
in at least two projections and allows configuration and
motion patterns to be studied in detail. Although we were
not as successful in visualizing the tricuspid valve in mul-
tiple projections in the study patients in whom complicating
pulmonary disease or the severity of the primary cardiac
disorder limited the examination, we were able to record
the valve in at least one projection in all cases and in two
orthogonal views in 78%.
Accuracy of echocardiographic criteria: comparison
with hemodynamic data. Once the tricuspid valve is vi-
sualized, the diagnosis of valvular stenosis requires that the
characteristic features of the stenotic valve be clearly de-
fined. In a series of 100 patients with rheumatic heart dis-
ease. Nanna et al. (19) found "tricuspid leaflet thickening,
doming of the valve and restricted leaflet motion" in each
of four cases with hemodynamic evidence of tricuspid ste-
nosis. Similar findings were not present in any of the re-
maining96 cases who did not have tricuspid gradients. The
reported sensitivity and specificity for the two-dimensional
echocardiographic study were both 100%. However, in one
patient who apparently did not meet these criteria and had
no transvalvulargradient, valvular thickeningand adhesions
between leaflets were noted at surgery. In contrast, Daniels
et al. (28) utilizing apparently similar echocardiographic
criteria found hemodynamic evidence of an inflow gradient
in only 4 of 19 patients with echocardiographic evidence of
rheumatic tricuspid valve disease and concluded that "the
two-dimensional echocardiographic findings of thickened
leatlets with restricted motion and diastolic doming are not
predictive of a tricuspid valve gradient."
In our patients, comparison of the same echocardio-
graphic criteria for tricuspid stenosis with the presence of
a diastolic gradient across the tricuspid valve was good. In
the 38 study patients, the two-dimensional echogram de-
tected 9 of 13 patients with a tricuspid valve gradient, for
a sensitivity of 69%. while excluding tricuspid stenosis in
24 of 25 patients with no gradient for a specificity of 96%.
The overall predictiveaccuracy, therefore. was 87%. When
the patientswithsimultaneous pressure measurementsin the
right atrium and right ventricle were considered separately,
however, there was complete agreement between the two
methods. These results support those of Nanna et al. (19)
and again suggest that when compared with optimally per-
formed catheterization, the two-dimensional echogram is a
highlysensitiveand specific methodfor diagnosingtricuspid
stenosis.
False positive and negative studies. All discrepancies
between the echocardiographic and hemodynamic tests in
our series occurred in patients who had pullback pressure
recordings for the determination of the tricuspid gradient.
The limitations of this hemodynamic method have been
described and include: I) the frequent occurrence of atrial
arrhythmias in patientswithrheumaticheartdisease, making
it difficult to superimpose atrial and ventricular pressure
curves obtained by pullback; 2) tricuspid regurgitation, which
so often accompanies rheumatic stenosis, elevates mean
right atrial pressure and can create the false appearance of
a diastolic gradient; and 3) the small diastolic gradients,
which are typical of tricuspid stenosis and may be over-
looked if the pullback technique is used (15). The one ap-
parentechocardiographic false positive in this group (Patient
10, Table I), had only minimal domingof the anterior leaflet
and slight restriction in orifice diameter. To determine whether
this degree of stenosis might produce a significantgradient,
we measured the tricuspid orifice diameter from the echo-
gram and, assuming the orifice to be circular, calculated a
predicted gradient with the Gorlin formula and available
hemodynamic data. Using this method, the predicted gra-
dient was only 0.6 mm Hg, which is below the level that
can be accurately measured witha standard, fluid-filled cath-
eter system. In addition to that one apparent echocardio-
graphic false positive study, there were four patients with
a pullback tricuspid valve gradient who did not have echo-
cardiographic evidence of tricuspid stenosis. All had tri-
cuspid regurgitation and atrial fibrillation . In two of these
four cases, the tricuspid valve was inspected at surgery and
in neithercase was tricuspidstenosis believed to be present.
Comparisons with previous echocardiographic stud-
ies. The reasons for the reported differences between the
predictive accuracies of echocardiography in our study (87%)
and that of Nanna et al. (100%) (19) and Daniels et al.
(21 %) (28) are unclear because the criteria for diagnosing
tricuspid stenosis were similar in all. There are two possible
explanations. First we noted that thickening of the posterior
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tricuspid leaflet with limitation of its motion occurred in the
absence of hemodynamic evidence of stenosis. This was
generally associated with tricuspid regurgitation and ap-
peared analogous to the isolated fixation of the posterior
mitral leaflet, frequently seen in patients with rheumatic
mitral regurgitation without stenosis. We also noted several
patients with doming and limited motion of the posterior or
septal leaflets, or both, with normal anterior leaflet motion,
who likewise did not have evidence of a gradient. Thus,
fusion of one or even two commissures may be insufficient
to narrow the orifice to a hemodynamically significant extent
in the setting of low cardiac output often associated with
severe mitral stenosis. Only when there was doming of the
anterior leaflet, which invariably occurred in association
with doming of the other two leaflets and a reduction in
tricuspid valve orifice diameter, was a gradient produced.
A second possible cause of this discrepancy may be found
in the apparent false positive case in our series, in which
the low cardiac output imposed by the downstream mitral
valve resistance resulted in no detectable tricuspid valve
gradient. This may also have been the case in a patient
described by Nanna et al. (19), in whom fusion of the
tricuspid leaflets was noted at surgery along with M-mode
echocardiographic evidence of tricuspid stenosis, but in whom
no gradient was recorded at the time of catheterization.
Lesions such as these obviously have little hemodynamic
impact when a reduced cardiac output is imposed by mitral
stenosis. After mitral valve replacement, however, the car-
diac output may increase significantly and the tricuspid le-
sion may then be of greater hemodynamic import. In this
regard, we have seen two patients in the last 2 years (not
included in this series) in whom right-sided heart failure
and clearly evident tricuspid stenosis were noted after mitral
valve replacement but in whom no tricuspid gradient was
detected at preoperative catheterization. When a small gra-
dient exists across the mitral valve, patients are typically
exercised to increase cardiac output and accentuate a sub-
critical gradient at rest. Similar gradients across the tricuspid
valve, however, often cannot be explored further because
these patients cannot be exercised due to more severe mitral
valve lesions and resultant pulmonary congestion. Thus, it
is possible that the echocardiogram may detect changes in
configuration in the tricuspid valve which, although not of
hemodynamic significance before mitral valve replacement,
may become manifest clinically when cardiac output is
increased.
Another difference between our data and those of Nanna
et al. (19) is our experience concerning the optimal views
for recording tricuspid leaflet doming. They suggest that the
parasternal short axis is the optimal projection for recording
this phenomenon. Our experience indicates that valvular
doming can only be appreciated in a view that is parallel
to the valve's long axis. Short-axis views, by definition,
transect the leaflets at any of multiple transverse levels.
However, they do not detect the leaflet curvature in a plane
parallel to the long axis of the valve, which is the hallmark
of stenotic lesions.
Possible sources of bias. A study such as this is subject
to a number of biases. First, physicians reading one diag-
nostic study may have been influenced in their interpreta-
tions by the results of other studies, an example of diagnostic
review bias (37). In an active clinical cardiology service it
is not possible nor would it be desirable to prevent relevant
data obtained in one test from being available to those per-
forming other tests. During this study, the echocardio-
graphic examinations and interpretations were generally per-
formed before the cardiac catheterization, and in all cases
the two tests were reviewed by separate teams of physicians.
However, to ensure consistency in the application of di-
agnostic criteria, all of the echocardiographic studies and
all but one set of the pressure tracings were rereviewed in
a random order by two of the authors who were blinded to
the results of the other study.
A second possible source of bias in this study involves
the influence that a clinical or echocardiographic diagnosis
of tricuspid stenosis might have had on the choice of method
for measuring the tricuspid valve gradient (simultaneous or
pullback). It is not possible to exclude a bias of this sort in
a retrospective study, but one should note that such an effect
might improve the correlation between echocardiographic
and hemodynamic data in patients with simultaneous pres-
sure measurements.
Prevalence of rheumatic tricuspid stenosis. These
echocardiographic data provided an opportunity to reassess
the prevalence of tricuspid stenosis in a group of patients
with chronic rheumatic valvular disease. From the 38 study
patients, there were 10 (26%) with echocardiographic evi-
dence of tricuspid stenosis, which is higher than previously
reported estimates and probably overestimates the true prev-
alence because of a selection bias. A study group selected
by virtue of having undergone cardiac catheterization is
weighed toward more severe rheumatic heart disease, and
so members of that group might be expected to be more
likely to have tricuspid valve involvement. The true prev-
alence of tricuspid stenosis can be more accurately estimated
from the entire group of 147 patients with rheumatic valvular
disease who had echocardiographic studies. Fourteen (9.7%)
of the 147 had evidence of tricuspid stenosis, a prevalence
that more closely approximates previous estimates.
Clinical implications. We conclude that when the cri-
teria presented are used to analyze echocardiographic im-
ages from the appropriate imaging planes, the two-dimen-
sional study is sensitive, specific and very accurate in
diagnosing rheumatic tricuspid stenosis. Two-dimensional
echocardiography can be a useful clinical tool in cases in
which there is a suspicion of tricuspid valve deformity, and
when cardiac catheterization is contemplated the results of
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